We found a new inner ear mutant exhibiting abnormal behavior, such as circling and head shaking, in a breeding stock of SJL/J mice. The traits are inherited in a simple autosomal-recessive fashion. Animals homozygous for the responsible gene, designated cosa, show no startle response to sounds and an inability to swim. In the inner ears of cosa/cosa homozygous, but not +/cosa heterozygous adults, histopathological features of severe damage that are typical for 'cochleo-saccular' or 'spotting' mutants have been demonstrated. We suggest here that the abnormal mice carry a mutation of a gene that is developmentally switched on in the early stages of development and is involved in endolymph homeostasis. Key words: deafness, mutant mouse, vestibular dysfunction One in every 1,000-2,000 children born is afflicted with hereditary deafness. To date, over 30 different genes that affect the inner ear function have been identified in man [6], while mutations of over 70 different genes are reported to be associated with inner ear impairments in mice [9] . Animal models have considerably contributed to the identification of responsible genes in human deafness [3, 11] , and in this respect, the necessity and importance of establishing new mutant models of experimental animals should be emphasized. Equally to be emphasized is that the analysis of different alleles could give valuable information about genotype-phenotype correlations. We describe here on a new mouse model which has 'cochleo-saccular type' inner ear defects. In a breeding stock of SJL/J mice, a few animals that were hyperactive and displayed head shaking and circling behavior were found. The animals abnormal in behavior were isolated and bred by full-sib matings, and they have now been maintained for up to eight generations in the Laboratory of Animal Management & Resources, Graduate School of Bioagricultural Sciences, Nagoya University. No differences are found in appearance between abnormal and normal SJL mice. To characterize further behavioral abnormalities, the animals were subjected to swimming tests, air-righting reflex tests and head nystagmus reflex tests by essentially the same methods as those employed for characterizing BUS/Idr mice [5] . The result was that they gave no positive results in any of these tests. In
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In a breeding stock of SJL/J mice, a few animals that were hyperactive and displayed head shaking and circling behavior were found. The animals abnormal in behavior were isolated and bred by full-sib matings, and they have now been maintained for up to eight generations in the Laboratory of Animal Management & Resources, Graduate School of Bioagricultural Sciences, Nagoya University. No differences are found in appearance between abnormal and normal SJL mice. To characterize further behavioral abnormalities, the animals were subjected to swimming tests, air-righting reflex tests and head nystagmus reflex tests by essentially the same methods as those employed for characterizing BUS/Idr mice [5] . The result was that they gave no positive results in any of these tests. In addition, the abnormal mice showed no startle response to sounds. All of these observations were strongly suggestive of the presence of inner ear defects.
In crosses between normal SJL/J females and abnormal males, no F1 progeny displayed abnormal behavior, and normal and abnormal animals for this trait were segregated in intercrosses of F1 progeny ( Table 1 ). The ratio of normal:abnormal was very close to the theoretical ratio of 3:1, assuming that the responsible gene was inherited recessively. No sex difference was observed in segregated pools. The responsible gene, designated cosa (cochleo-saccular defects), is now being processed for registration.
For histopathological examination, the inner ears from homozygous and heterozygous adults at 8 weeks of age were perfusion-fixed with 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4, followed by postfixation in Bouin's solution. The specimens were then decalcified in 4% neutral EDTA, dehydrated, embedded in paraffin, cut into 10-µm sections and stained with the Goldner's modification of Masson's trichrome stain. It was found that cosa/cosa homozygous mice could be characterized as having 'cochleo-saccular type' or classical 'spotting type' inner ear defects [12, 13] (Fig. 1) : collapsed Reissner's membranes, damaged auditory organs of Corti, and poorly developed Stria vascularis. No such abnormalities were observed in +/cosa heterozygotes. Morphogenesis of the inner ear abnormalities in cosa/cosa homozygotes was then examined with specimens at different developmental stages of days 12, 13, 15, 16 and 18 of gestation, and postnatal days 0 and 7. The experiment revealed that the first signs of abnormality appear in the embryonic stage as early as day 13 of gestation. A slightly more expanded lumen in the developing cochlear duct could be identified in homozygous embryos, compared with heterozygotes (not shown). The lumen, particularly at the basal turn of the cochlear duct, continued to expand to reach an extraordinary size by later fetal stages (Fig.  2) . In heterozygous embryos, perilymphatic canals (Scala vestibuli, Scala tympani) begin to be formed in mesenchyme surrounding the cochlear duct at days 15-16 of gestation ( Fig. 2A) , as in embryos from KYF/ Idr and BALB/c control mice. In homozygotes, however, there was insufficient space for the formation of perilymphatic canals (Fig. 2B) , where as differentiation into all of different cellular and non-cellular components of the organ of Corti was recognizable. Consequently, the auditory organs in homozygotes became deformed with collapsed Reissner's membranes and a poorly differentiated spiral limbus as well as a poorly developed Stria vascularis (Fig. 3) . The abnormal morphological features seen in 7-day-old homozygotes were already essentially similar to those in homozygous adults. In this study, it was demonstrated that the histopathological features of the inner ear of the mutant are strikingly different from those in 'degenerative' or 'neuroepithelial' mutants such as BUS/Idr mice [5, 17, 18] . The observations support the idea that the inner ear dysfunction of cosa/cosa homozygotes is attributable to deterioration of endolymph homeostasis, which proceeds from early in the development. It is essential for the inner ear function that ion balance between endolymph in the early-developed cochlear duct and perilymph be maintained. To accomplish this, various K + channel proteins [6] as well as water channel proteins [1] could play important roles. Indeed, evidence for the presence of deafness-associated K + channel proteins, KCNQ1 (or KVLQT1) [10] , KCNQ4 [8] and IsK [15] , has been presented. In man, mutations in either KCNQ1 or ISK cause Jervell and Lange-Lielsen syndrome [14] , and those in KCNQ4 are associated with non-syndromic DFNA2 [8] . Mutations in gap junction proteins, GJB2 [7] , GJB3 [16] and GJB6 [4] , which are implicated in intercellular difusion of K + ions, are also the causes of inner ear impairments in human. More recently, the responsible gene for shaker-with-syndactylism (sy) mice has been identified as Slc12a2, which encodes the basolateral Na-K-Cl co-transporter [2] . It is interesting that the pathology of cosa/cosa inner ears resembles that in isk-knockout mice [15] and sy mice [2] , but at this time it is not known whether our mutant carries a different allele of one of the identified genes or a mutation in another unidentified gene. In any case, it should be worthwhile to characterize cosa for our better understanding of the normal processes of auditory development as well as of genotype-pheno- type correlations. Studies are now under way for its mapping and identification.
